Express Mail Label No. 



FUTILITY PATENT APPLICATION TRANSMITTAL 



(Large Entity) 

(Only for new nonprovisional applications under 37 CFR 1.53(b)) 



Docket No. 
134960/98 



Total Pages in this Submission 



io 



TO THE ASSISTANT COMMISSIONER FOR PATENTS 

Box Patent Application 
Washington, D.C. 20231 



Transmitted herewith for filing under 35 U.S.C. 11 1 (a) and 37 C.F.R. 1 .53(b) is a new utility patent application for a£ 
invention entitled: 




OPTICAL SWITCH AND OPTICAL NETWORK 



and invented by: 



Shimomura, H. 



If ^ CONTINUATION APPLICATION, check appropriate box and supply the requisite information: 
HP Continuation □ Divisional □ Continuation-in-part (CIP) of prior application No.: 
V^lch is a: 

SI Continuation □ Divisional □ Continuation-in-part (CIP) of prior application No.: 
VSfiich is a: 

B Continuation □ Divisional □ Continuation-in-part (CIP) of prior application No.: 



Enclosed are: 



Application Elements 



1 ■ IS Filing fee as calculated and transmitted as described below 



2. £9 Specification having 



31 



pages and including the following: 



a. S Descriptive Title of the Invention 

b. □ Cross References to Related Applications (if applicable) 

c. □ Statement Regarding Federally-sponsored Research/Development (if applicable) 

d. □ Reference to Microfiche Appendix (if applicable) 

e. gg Background of the Invention 

f. (S Brief Summary of the Invention 

g. S Brief Description of the Drawings (if drawings filed) 

h. O Detailed Description 

i. S Claim(s) as Classified Below 
j. IS Abstract of the Disclosure 



Page 1 of 3 



P01 U LRG/REV04 









Docket No. I 




UTILITY PATENT APPLICATION TRANSMITTAL 


134960/98 






{Large entity/ 


Total Pages in this Submission 




(Only for new nonprovisional applications under 37 CFR 1.53(b)) 






Application Elements (Continued) 




3. 


m 


Drawing(s) (when necessary as prescribed by 35 (JSC 1 13) 






a. 


H Formal Number of Sheets 18 (Figs* 1-18) 






b. 


□ Informal Number of Sheets 




4. 


K 


Oath or Declaration 






a. 


IS Newly executed (original or copy) □ Unexecuted 






b. 


□ Copy from a prior application (37 CFR 1 .63(d)) (for continuation/divisional application only) 




c. 


B With Power of Attorney □ Without Power of Attorney 






d. 


□ DELETION OF INVENTOR(S) 








Signed statement attached deleting inventor(s) named in the prior application, 






see 37 C.F.R. 1.63(d)(2) and 1.33(b). 




jl 


□ 


Incorporation By Reference (usable if Box 4b is checked) 








The entire disclosure of the prior application, from which a copy of the oath or declaration is supplied 






under Box 4b, is considered as being part of the disclosure of the accompanying application and is hereby 






incorporated by reference therein. 






□ 


Computer Program in Microfiche (Appendix) 






□ 


Nucleotide and/or Amino Acid Sequence Submission (if applicable, all must be included) 


m 


a. 


□ Paper Copy 






b. 


□ Computer Readable Copy (identical to computer copy) 






c. 


□ Statement Verifying Identical Paper and Computer Readable Copy 








Accompanying Application Parts 




8. 


SI 


Assignment Papers (cover sheet & document(s)) 




9. 


□ 


37 CFR 3.73(B) Statement (when there is an assignee) 




10. 


□ 


English Translation Document (if applicable) 




11. 


□ 


Information Disclosure Statement/PTO-1449 □ Copies of IDS Citations 


12. 


□ 


Preliminary Amendment 




13. 




Acknowledgment postcard 




14. 


□ 


Certificate of Mailing 








□ First Class □ Express Mail (Specify Label No.): 








Page 2 of 3 


P01 ULRG/REV04 



UTILITY PATENT APPLICATION TRANSMITTAL 

(Large Entity) 

(Only for new nonprovisional applications under 37 CFR 1. 53(b)) 



Docket No. 
134960/98 



Total Pages in this Submission 



Accompanying Application Parts (Continued) 

1 5. m Certified Copy of Priority Documents) (if foreign priority is claimed) 

16. □ Additional Enclosures (please identify below): 



Fee Calculation and Transmittal 



^0 



CLAIMS AS FILED 



m 

G For 



#Filed 



#AI lowed 



#Extra 



Rate 



Fee 



Totgl Claims 



25 



-20 = 



$18.00 



$90.00 



Indeip. Claims 



- 3 = 



$78.00 



$0.00 



Multiple Dependent Claims (check if applicable) □ 



$0.00 



m 

w 7. 



BASIC FEE 



$760.00 



OTHER FEE (specify purpose) 



Assignment Recordation 



$40.00 



TOTAL FILING FEE 



$890.00 



H A check in the amount of $890.00 to cover the filing fee is enclosed. 
S The Commissioner is hereby authorized to charge and credit Deposit Account No. 50-0481 
as described below. A duplicate copy of this sheet is enclosed. 

□ Charge the amount of as filing fee. 
IS Credit any overpayment. 

£9 Charge any additional filing fees required under 37 C.F.R. 1.16 and 1.17. 

□ Charge the issue fee set in 37 C.F.R. 1.18 at the mailing of the Notice of Allowance, 
pursuant to 37 C.F.R. 1 .31 1 (b). 



Dated: May 11, 1999 



cc: 





Signofyire 




Sean M. McGinn, Esq. 
Registration No. 34,386 



Customer No. 21254 



Page 3 of 3 



P01 ULRG/REV04 



McGinn & Gibb, P.C. 
A Professional Limited Liability Company 
Patents, Trademarks, Copyrights, and Intellectual Property Law 
1701 Clarendon Boulevard, Suite 100 
Arlington, Virginia 22209 
Telephone (703) 294-6699 
Facsimile (703) 294-6696 



APPLICATION 

FOR 
UNITED STATES 
LETTERS PATENT 



APPLICANT: Hirofumi Shimomura 

FOR: OPTICAL SWITCH AND OPTICAL 
NETWORK 

DOCKET NO.: 134960/98 



: F=H; 



OPTICAL SWITCH AND OPTICAL NETWORK 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The present invention relates to an optical switch and an 
optical network in which the optical switch is used. More 
particularly, this invention relates to an optical switch having 
a function in amplifying an input light and an optical network 
in which the optical switch is used, 
5 10 2. Description of the Related Art 
pi A photonic switching for performing a path edition with a 

CI light intact without converting a light signal into an electric 

jjj signal in a node can reduce a scale of the node, thus contributing 

greatly to the reduction of a cost for communication. A switching 

£3 

01 15 technique is important in constructing such a node. For example, 
Ll in an optical ADM (Add/Drop Multiplexing) system, an optical gate 

In 

J? switch, by which a signal light is branched or inserted, requires 

the following properties, i.e., a low crosstalk and a low insertion 
loss. An ED FA (Erbium-doped Fiber Amplifier) gate switch is 
20 exemplified as the switch for satisfying this requirement. 

The EDFA gate switch operates as an optical switch by turning 
on or off a pumping source of EDFA that is an optical fiber 
amplifier. To switch on the EDFA gate switch, a pumping light 
is turned on. This permits amplifying and outputting the input 
25 light to the EDFA gate switch. On the other hand, to switch off 
the EDFA gate switch, the pumping light is turned off. This allows 
the input light to be absorbed into EDF constituting EDFA and thus 
not to be output ted from EDFA. 

With the conventional EDFA gate switch, a single gate switch 
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has fulfilled all of functions as a switch, a controller for an 
outputted optical power and an optical amplifier. However, a 
problem exists in that it is difficult for a single gate switch 
to obtain a high gain and a high power without having an adverse 
> influence on transmission properties. 

SUMMARY OF THE INVENTION 
An object of the present invention is to realize an optical 
switch which is capable of obtaining a high gain and a high power. 
3 10 An optical switch of the present invention comprises first 

J3J and second optical amplifiers connected in cascade; and a first 

r| control circuit for outputting first and second control signals 

for switching a gain of the first and second optical amplifiers. 

to 

s Another optical switch according to the present invention 

Q 

Iff 15 is an optical switch for a wavelength-division multiplexed light 
which is obtained by wavelength-division multiplexing a plurality 
of light signals. The optical switch comprises an optical 
wavelength demultiplexer, a plurality of single wavelength 
optical switches, and an optical wavelength multiplexer. 
20 The optical wavelength demultiplexer demultiplexes the 

wavelength-division multiplexed light into the plurality of light 
signals and outputs each of the plurality of light signals to each 
of a plurality of branches . Each of the single wavelength optical 
switches is connected to each of the plurality of branches. The 
25 optical wavelength multiplexer multiplexes the lights outputted 
from the plurality of single wavelength optical switches. Each 
of the plurality of single wavelength optical switches comprises 
first and second optical amplifiers connected in cascade, a first 
optical coupler connected to an input of the first optical 



amplifier, and a second optical coupler inserted between the first 
and second optical amplifiers. 

An optical switch according to the third aspect of the 
present invention is also an optical switch for a wavelength- 
division multiplexed light which is obtained by wavelength- 
division multiplexing a plurality of light signals. The optical 
switch comprises an optical wavelength demultiplexer, a plurality 
of first optical couplers, a plurality of first optical amplifiers, 
a plurality of second optical couplers, at least one first optical 
wavelength multiplexer, and at least one second optical 
amplifier. 

The optical wavelength demultiplexer demultiplexes the 
wavelength-division multiplexed light into the plurality of light 
signals and outputs each of the plurality of light signals to each 
of a plurality of branches . Each of the plurality of first optical 
couplers is connected to each of the plurality of branches. Each 
of the plurality of first optical amplifiers has an input connected 
to an output of each of the plurality of first optical couplers. 
Each of the plurality of second optical couplers has an input-side 
first branch connected to the output of each of the plurality of 
first optical amplifiers. Each input of the first optical 
wavelength multiplexers is connected to each of output-side 
branches of some of the plurality of second optical couplers. An 
input of the second optical amplifier is connected to the output 
of the at least one first optical wavelength multiplexer. 

An optical network of the present invention is an optical 
network in which a plurality of optical nodes are connected through 
an optical fiber transmission line, wherein each of the plurality 
of optical nodes comprises an optical switch of the present 



invention as described above. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the 
present invention will become more apparent from the following 
detailed description when taken in conjunction with the 
accompanying drawings wherein: 

Fig. 1 shows a constitution of an optical switch according 
to a first embodiment of the present invention; 

Fig. 2 shows how the first embodiment of the present 
invention operates; 

Fig. 3 shows what state the optical switch according to the 
first embodiment of the present invention is in; 

Fig. 4 shows the constitution of an optical switch according 
to a second embodiment of the present invention; 

Fig. 5 shows the constitution of an optical switch according 
to a third embodiment of the present invention; 

Fig. 6 shows the constitution of an optical switch according 
to a fourth embodiment of the present invention; 

Fig. 7 shows the constitution of an optical switch according 
to a fifth embodiment of the present invention; 

Fig. 8 shows an example of the constitution of an optical 
switch according to a sixth embodiment of the present invention; 

Fig. 9 shows an example of the constitution of the optical 
switch according to the sixth embodiment of the present invention; 

Fig. 10 shows an example of the constitution of the optical 
switch according to the sixth embodiment of the present invention; 

Fig. 11 shows the constitution of an optical switch 
according to a seventh embodiment of the present invention; 
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Fig. 12 shows the constitution of an optical ADM according 
to an eighth embodiment of the present invention; 

Fig. 13 shows an example of the constitution of an optical 
switch according to a ninth embodiment of the present invention; 
5 Fig. 14 shows the constitution of an optical ADM according 

to a tenth embodiment of the present invention; 

Fig. 15 shows the constitution of an optical switch 
according to an eleventh embodiment of the present invention; 

Fig. 16 shows a construction of an optical network according 
C3 10 to a twelfth embodiment of the present invention; 

h! Fig. 17 shows the constitution of an optical fiber amplifier 

O 

constituting the optical switch of the present invention; and 

SI 

m Fig. 18 shows the constitution of a semiconductor optical 

amplifier constituting the optical switch of the present 
— 15 invention. 

in 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention will be described in detail below with 
reference to the accompanying drawings. 

20 A first embodiment of the present invention will be 

described in detail with reference to Fig. 1. Fig. 1 shows a 
constitution of an optical switch according to the first 
embodiment of the present invention. The optical switch of Fig. 
1 comprises optical branches 51 and 56, EDF 11, a pumping source 

25 31, an optical branch 52, an optical isolator 21, an optical 
coupler 53, EDF 12, an optical coupler 54, a pumping source 32, 
an optical branch 55, an optical monitor 42 and a control circuit 
300. 

A signal light of wavelength 1550 nm is inputted to the 



optical switch through an optical transmission line 100. The 
input signal light is first inputted to the EDF 11. On the other 
hand, a pumping light of wavelength 1480 nm, which is outputted 
from the pumping source 31 to an optical transmission line 105, 
is inputted to the EDF 11 through the optical branch 52. The 
signal light is optically amplified by the EDF 11 and then inputted 
to the EDF 12 via the optical isolator 21. On the other hand, 
the pumping light of wavelength 1480 nm, which is outputted from 
a pumping source 32 to an optical transmission line 107, is 
inputted to the EDF 12 through the optical branch 54. The signal 
light is amplified by the EDF 12 and then outputted to an optical 
transmission line 101. A part of the light outputted from the 
EDF 12 is separated by the optical branch 55, and its optical power 
is detected by the optical monitor 42. The output power of the 
pimping source 32 can be fed back to a set value in accordance 
with the result of this detection. 

The optical branch 51 is installed on the optical 
transmission line 100, whereby the light inputted to the optical 
transmission line 100 can be outputted from an optical 
transmission line 104 through an optical transmission line 102. 
That is, the light inputted to the optical transmission line 100 
can be simultaneously outputted from the optical transmission 
lines 101 and 104. 

Fig. 2 shows the result of an experiment which was performed 
using the optical switch according to the first embodiment. As 
can be seen in Fig. 2, the output light whose output power is about 
+12 dBm was obtained for the optical power outputted from the 
pumping source 31, 24 mW and the optical power outputted from the 
pumping source 32, 48 mW. It is seen from an input/output waveform 



of a light signal shown in Fig. 2 that good transmission quality 
is ensured. 

On the other hand, when the injection of the pumping light 
to the EDF 11 is stopped as shown in Fig. 3, the signal light of 
wavelength 1550 nm is absorbed by the EDF 11 and thus it is not 
outputted downstream. The injection of the pumping light is set 
to off by switching a control signal to be supplied to the pumping 
source from the control circuit 300. The pumping light is thus 
turned on or off, whereby an optical gate switch followed by the 
source is controlled so that it is switched on or off. The present 
optical switch permits an optical switching with a low crosstalk. 
Another light signal can be therefore inputted from an optical 
transmission line 10 6, when the optical gate switch is switched 
off. The input signal is inputted to the EDF 12, then amplified 
by the EDF 12 and then outputted to the optical transmission line 
101 . With the above constitution, the EDF 11 can switch the inputs 
from the optical transmission lines 100 and 106, and also the EDF 
12 can control a gain. The optical switch, which functions as 
an optical amplifier as well as the switch, can be therefore 
implemented without deteriorating the transmission properties. 
Consequently, the optical switch of this constitution can have 
two statuses . A first status is a drop-and-continue mode in which 
the light is inputted from the optical transmission line 100 and 
outputted from the optical transmission lines 101 and 104. A 
second status is a drop-and-add mode in which the light is inputted 
from the optical transmission line 100 and outputted from the 
optical transmission line 104, and the light of another signal 
is inputted from the optical transmission line 10 6 and outputted 
from the optical transmission line 101. The switching of these 
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two statuses can be accomplished by switching on or off an EDFA 
gate located at the preceding stage in the optical switch. 

Next, a second embodiment of the present invention will be 
described in detail with reference to Fig. 4. 

In optical switch described in the first embodiment, a 
maximum output from the optical switch is limited when the optical 
power inputted from the optical transmission line 106 is 
considerably low compared to the power outputted from the EDF 11. 
Desirably, another optical amplifier is therefore inserted into 
the optical transmission line 106 so that the input optical power 
is amplified. The second embodiment shown in Fig. 4 comprises 
an EDF 13, a pumping source 33, an optical transmission line 109 
connecting the pumping source 33 and the optical transmission line 
106 and an optical branch 57, in addition to the constitution of 
the first embodiment of Fig. 1. Thus, even when the optical power 
of the signal inputted to the optical transmission line 106 is 
considerably lower than the optical power of the signal outputted 
from the EDF 11, it is allowed to be substantially equal to the 
output from the EDF 11 by controlling the gain of the EDF 13 . This 
can be also used to switch the signal lights inputted to the optical 
transmission lines 106 and 100. 

Next, a third embodiment of the present invention will be 
described in detail with reference to Fig. 5. 

A plurality of pumping sources are used and many optical 
components and connections are also included in the switch 
described in the above embodiments . The transmission properties 
of the optical switch may be thus changed by an influence of an 
optical reflection in the connections and optical components. 
Therefore, the third embodiment shown in Fig. 5 comprises an 



optical isolator 22 inserted between the optical branch 51 and 
the EDF 11 and an optical isolator 23 inserted between the optical 
branches 54 and 55, in order to reduce the influence of the 
reflection as rigidly as possible. This permits reducing the 
influence of the reflection in the optical switch, thereby 
improving a noise figure of each optical amplifier. 

The number of the optical isolators to be used and the 
positions in which they are inserted are not limited to this 
example alone. For example, the optical isolator 23 may be 
located between the EDF 12 and the optical branch 54 . The position 
of the optical isolator may be appropriately changed as far as 
it does not affect the function of the optical switch. 

Next, a fourth embodiment of the present invention will be 
described in detail with reference to the drawing. 

The switch described in the above embodiments is turned on 
or off by using the principle that the signal light is optically 
absorbed into EDF. When the switch is turned off, an amplified 
spontaneous emission pumped by the signal light, but a little 
emission, is therefore output ted from EDF. The fourth embodiment 
shown in Fig. 6 comprises an optical filter 61 inserted between 
the optical isolator 21 and the optical branch 52 in order to limit 
the influence of the amplified spontaneous emission from the EDF 
11 as rigidly as possible. The amplified spontaneous emission, 
which is generated by turning off the gate switch comprising the 
preceding optical amplifier, can be thus prevented from traveling 
to the following stage. The influence of the amplified 
spontaneous emission can be consequently limited. 

The number of the optical filters to be used and the 
positions in which they are inserted are not limited to this 
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example alone. For example, the optical filter 61 maybe inserted 
between the optical isolator 21 and the optical branch 53. The 
position of the optical filter may be appropriately changed as 
far as it does not affect the function of the optical switch. 

Next, a fifth embodiment of the present invention will be 
described in detail with reference to the drawing. 

A laser having wavelength of around 1480 nm is used as the 
pumping source in the switch described in the above embodiments. 
To muti-stage connect the optical switches using the optical 
amplifier, the influence of an accumulated noise from the optical 
gate comprising the optical amplifier cannot be ignored. In the 
fifth embodiment shown in Fig. 7, the wavelengths of pumping 
sources 34 and 35 are therefore set to around 980 nm. Thus, the 
noise figure can be reduced compared to the case where the pumping 
source of wavelength band 1480 nm is used. Consequently, the 
transmission properties can be expected to be improved. 

The wavelength for use in the pumping source is not limited 
to 1480 nm or 980 nm alone. Furthermore, for example, of two 
optical amplifiers, the pumping source of the preceding optical 
amplifier may have a band of 980 nm, while the pumping source of 
the following optical amplifier may have a band of 1480 nm. The 
wavelengths for the pumping sources of the optical amplifiers may 
be appropriately changed as far as it does not affect the function 
of the optical switch. 

Next, a sixth embodiment of the present invention will be 
described in detail with reference to the drawings. In the above 
embodiments, all of the preceding and following optical 
amplifiers constituting the optical switch are backward-pumped 
optical amplifiers. EDF constituting the preceding optical 
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amplifier needs to absorb the signal light when it is off. 
Depending on the wavelength of the signal light, an EDF length 
must be thus longer than the EDF length which is set when EDF is 
used as a typical optical amplifier. If long EDF is used, a 
backward pumping light may not reach the input side of EDF when 
the gate switch is turned on. When a sufficient power of the 
pumping light is not supplied to the input side, a loss of the 
input light signal increases near an input end of EDF. Thus, the 
noise figure of the optical amplifier increases. Therefore, in 
the sixth embodiment shown in Fig. 8, the preceding optical 
amplifier comprises a forward-pumped optical amplifier. This 
allows the noise figure to be lower than the noise figure of the 
backward pumping, thereby improving the transmission properties. 

Pumping scheme for the optical amplifier is not limited to 
the method in which the preceding and following optical amplifiers 
are forward pumped and backward pumped, respectively. For 
example, as shown in Fig. 9, the preceding and following optical 
amplifiers may be backward pumped and forward pumped, 
respectively. As shown in Fig. 10, both of the preceding and 
following optical amplifiers may be forward pumped. The pumping 
method may be appropriately changed as far as it does not affect 
the function of the optical switch. 

Next, a seventh embodiment of the present invention will 
be described in detail with reference to the drawing. 

When a need exists to increase the gain and maximum output 
of the EDFA gate compared to the switch described in the above 
embodiments, the optical switch is constituted as described below. 
As shown in Fig. 11, optical branches 57 and 58, optical 
transmission lines 109 and 110 and pumping sources 36 and 37 are 
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added to the optical switch used in the first embodiment, whereby 
the EDFA gate is bidirectionally pumped, so that the need can be 
met. Since the number of pumping sources is increased to 4 in 
total, a control circuit 301 capable of independently supplying 
four control signals to the pumping sources is used. 

The method of increasing the output optical power is not 
limited to this method alone. For example, the lights outputted 
from a plurality of pumping sources may be wavelength-division 
multiplexed or polarization multiplexed, whereby the output 
optical power can be increased. 

Next, an eighth embodiment of the present invention will 
be described in detail with reference to the drawing. 

The constitution of the optical switch according to the 
eighth embodiment is shown in Fig. 12. The optical switch of Fig. 
12 comprises an optical wavelength demultiplexer 301, an optical 
wavelength multiplexer 302 and single wavelength optical switches 
201-204. Any one of the constitutions shown in the above 
embodiments can be used as the single wavelength optical switch. 

The light signal, which is obtained by wavelength-division 
multiplexing the signal lights of wavelengths 1550 nm, 1552 nm, 
1554 nm and 155 6 nm, is inputted from an optical transmission line 
150 of Fig . 12 . The wavelength-division multiplexed light signal 
is demultiplexed by the optical wavelength demultiplexer 301 and 
then outputted to the optical transmission lines 100, 111, 115 
and 119 for each wavelength. The signal light of wavelength 1550 
nm outputted to the optical transmission line 100 is inputted to 
the single wavelength optical switch 201. In accordance with the 
set switching state, the single wavelength optical switch 201 
outputs the input light signal in any one of the following forms : 
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(1) the light signal inputted from the optical transmission 
line 100 is outputted to the optical transmission lines 104 and 
101; 

(2) the light signal inputted from the optical transmission 
line 100 is simultaneously outputted to the optical transmission 
lines 104 and 101; or 

(3) the signal inputted from the optical transmission line 
100 is cut off in the optical switch 201, and the light signal 
of wavelength 1550 nm inputted from the optical transmission line 
106 is outputted to the optical transmission line 101. 

Similarly, the wavelengths 1552 nm, 1554 nm and 155 6 nm are 
outputted from the single wavelength optical switches 202-204 to 
optical transmission lines 112, 116 and 120, respectively. The 
light signals outputted from the single wavelength optical 
switches are wavelength-division multiplexed by the optical 
wavelength multiplexer 302 and then outputted to an optical 
transmission line 151. The above constitution can realize an 
optical ADM for the wavelength-division multiplexing. The use 
of this method has advantages described below. Since the signal 
light outputted from the optical switch can provide a high optical 
power, there is typically no need for implementing a booster 
optical amplifier following the optical wavelength multiplexer . 
Since the output power can be controlled for each wavelength, it 
is easy to equalize the optical levels of the wavelength-division 
multiplexed lights or to control the optical levels . For example, 
the signal light alone of one wavelength can be intentionally 
outputted at a high optical level. 

The number of wavelengths is not limited to 4 described in 
the above embodiments. The optional number of wavelengths such 
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as 8, 16, 32 and 64 can be freely set. 

Next, a ninth embodiment of the present invention will be 
described in detail with reference to the drawing. 

In the eighth embodiment, the optical switch for the 
wavelength-division multiplexing comprises the optical switches 
of any one of the first to sixth embodiments which are arranged 
in parallel as the single wavelength optical switches. Each of 
the single wavelength optical switches comprises the preceding 
optical amplifier for determining whether the light signal is 
transmitted or cut off and the following optical amplifier for 
controlling the gain, in an application of the optical switch 
for the wavelength-division multiplexing, the following optical 
amplifier can be shared with a plurality of single wavelength 
optical switches. The optical switch thus constituted is shown 
in Fig. 13 as the ninth embodiment. 

The signal light of wavelength 1550 nm is inputted to the 
EDF 11 through the optical transmission line 100. On the other 
hand, the pumping light of wavelength 1480 nm, which is outputted 
from the pumping source 31 to the optical transmission line 105, 
is inputted to the EDF 11 through the optical branch 52. The 
signal light is amplified by the EDF 11 and then inputted to an 
optical wavelength multiplexer 303. 

When the input of the pumping light to the EDF 11 is stopped, 
the signal light of wavelength 1550 nm is absorbed by the EDF 11. 
By this operation, the optical switch is controlled so that it 
is turned on or off. An on/off ratio of the optical switch is 
60 dB or more, and thus the optical switch of the low crosstalk 
can be implemented. When the switch is turned off, the signal 
light is almost completely cut off in the EDF 11, and thus a 
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different light or light signal can be inputted from the optical 
transmission line 106. The signal light from the EDF 11 or the 
optical transmission line 106 is inputted to the optical 
wavelength multiplexer 303. On the other hand, the signal light 
of wavelength 1552 nm inputted from the optical transmission line 
109 or 114 is also inputted to the optical wavelength multiplexer 
303 in the same constitution. Two signal lights wavelength- 
division multiplexed are inputted to the EDF 13 through the optical 
isolator 21. The wavelength-division multiplexed lights, which 
are simultaneously amplified by the EDF 13, are outputted to the 
optical transmission line 101. A part of the output light is 
separated by the optical branch 55, and the optical power is 
monitored by the optical monitor 42 and used to control the output 
power of the pumping source 32. Moreover, the optical branch 51 
is disposed on the optical transmission line 100, whereby the light 
inputted to the optical transmission line 100 can be outputted 
from the optical transmission line 104 through the optical 
transmission line 102 . That is, the light inputted to the optical 
transmission line 100 can be simultaneously outputted from the 
optical transmission lines 101 and 104. It should be noted that 
the following optical amplifier is shared with the optical 
switches and thus a control circuit 302 is provided for each 
pumping source in this embodiment. Thus, the control circuit 302 
supplies the control signal for the on/off operation to the one 
corresponding pumping source alone. 

In the above constitution, the following gain control 
optical amplifier required for each wavelength is shared with the 
single wavelength optical switches. This permits reducing the 
total number of optical amplifiers. 
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The number of wavelengths is not limited to 2 described in 
the above embodiment. The optional number of wavelengths such 
as 4 and 8 can be set as far as the lights can be simultaneously 
amplified. 

Next, a tenth embodiment of the present invention will be 
described in detail with reference to the drawing. 

Typically, an amplification bandwidth of the optical 
amplifier is finite. Thus, it is difficult for the ninth 
embodiment to increase the number of treatable wavelengths, as 
far as a single EDF 13 alone is used. However, this problem can 
be solved by using a plurality of optical amplifiers having 
different amplification bandwidths . In this embodiment, the 
constitution for this purpose is shown. In Fig. 14, there is shown 
the constitution of the optical switch according to the tenth 
embodiment. The optical switch shown in Fig. 14 comprises the 
optical wavelength demultiplexer 301, gate optical amplifiers 
161-164, the optical wavelength multiplexers 303 and 304, the 
optical isolators 21 and 22, the EDFs 13 and 14, the pumping sources 
32 and 33, the optical branches 55 and 57, the optical monitors 
42 and 43 and an optical wavelength multiplexer 305. Of these 
components, the gate optical amplifier comprises the preceding 
optical amplifier of two optical amplifiers constituting the 
optical switch of any one of the first to seventh embodiments; 
and the optical branches located at the input and output of the 
preceding optical amplifier. 

The light signal inputted from the optical transmission 
line 150 is a wavelength-division multiplexed signal light 
including optical signals whose wavelengths are 1550 nm, 1552 
nm, 1554 nm and 1556 nm. The light signals wavelength-division 
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multiplexed are demultiplexed by the optical wavelength 
demultiplexer 301 and then outputted to the optical transmission 
lines 100, 111, 115 and 119. The light of wavelength 1550 nm is 
outputted to the optical transmission line 100. The signal light 
outputted to the optical transmission line 100 is inputted to the 
gate optical amplifier 161. In accordance with the set switching 
state, the gate optical amplifier 161 outputs the input light 
signal in any one of the following forms: 

(1) the signal inputted from the optical transmission line 
100 is outputted to the optical transmission lines 104 and 101; 

(2) the signal inputted from the optical transmission line 
100 is simultaneously outputted to the optical transmission lines 
104 and 101; or 

(3) the signal inputted from the optical transmission line 
100 is cut off in the optical switch 201 , and the light signal 
inputted from the optical transmission line 106 is outputted to 
the optical transmission line 101. 

Similarly, the signal lights of wavelengths 1552 nm, 1554 
nm and 155 6 nm are outputted from the gate optical amplifiers 
162-164 to the optical transmission lines 112, 116 and 120, 
respectively. The lights outputted to the optical transmission 
lines 101 and 112 are wavelength-division multiplexed by the 
optical wavelength multiplexer 303 and then outputted to the 
optical isolator 21 . The wavelength-division multiplexed lights 
are simultaneously amplified by the EDF 13 and then outputted to 
the optical transmission line 102. On the other hand, the lights 
outputted to the optical transmission lines 116 and 120 are 
wavelength-division multiplexed by the optical wavelength 
multiplexer 304 and then outputted to the optical isolator 22. 
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The wavelength-division multiplexed lights are simultaneously 
amplified by the EDF 14 and then outputted to an optical 
transmission line 123 . The signal lights outputted to the optical 
transmission lines 102 and 123 are multiplexed by the optical 
wavelength multiplexer 305 and then outputted to the optical 
transmission line 151. 

In this embodiment, a plurality of following optical 
amplifiers to be shared are prepared. Thus, the different 
amplification bandwidths facilitate the increase of the number 
of wavelengths that can be treated by the whole optical switch. 

The constitution of this embodiment can implement the 
optical ADM for the wavelength-division multiplexed light signal. 
Furthermore, this constitution can reduce the number of optical 
amplifiers required for the optical ADM and can also increase the 
number of wavelengths . 

Next, an eleventh embodiment of the present invention will 
be described in detail with reference to the drawing. 

Fig. 15 shows the constitution of the optical switch 
according to the eleventh embodiment. How OLOS (optical loss of 
signal) of the optical ADM is monitored and how AIS-0 (also written 
as O-AIS: AIS denotes Alarm Indication Signal) is signaled to 
inform that trouble occurs will be described with reference to 
Fig. 15. 

The signal light of wavelength 1554 nm is inputted to the 
optical transmission line 100. A part of the signal light is 
inputted to an optical monitor 41 through the optical branches 
51 and 56 so that it is used for monitoring. The optical monitor 
41 monitors whether the signal light is present or absent. That 
is, two types of intensities are measured: one intensity is the 
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intensity of the light within a wavelength range including the 
wavelength of the signal light; and the other is the intensity 
of a spontaneous emission which has a width equivalent to this 
wavelength range and is within a different wavelength range from 
this wavelength range. Whether the signal light is present or 
absent is determined in accordance with an S/N ratio of the light 
calculated from the ratio between these intensities. Besides 
this method, the method of detecting whether the signal light is 
present or absent also includes the method in which whether the 
signal light is present or absent is determined from the intensity 
of the light within the wavelength range of a certain width 
including the signal light (i.e., OLOS, the optical loss of signal 
is detected) . Any one of these methods permits detecting the 
trouble in communication caused due to the breaking of an optical 
fiber or the like* Therefore, the monitoring can be implemented 
in an optical layer. Immediately after OLOS is detected, the 
output of the lights from the pumping sources 31 and 32 is shut 
down. The EDFA gate is turned off (the output from the gate is 
shut down) , whereby no light signal is outputted downward from 
the optical transmission line 101. OLOS is detected in the same 
manner, because no light is inputted to the optical monitor 41 
of the optical switch which is located more downward than the place 
where the trouble occurs. The method, in which the information 
about the occurrence of the trouble is transferred downward by 
shutting down the output of the light, is called AIS-O. AIS- 
0 permits informing the downward elements that the trouble occurs . 

As described above, the optical switch of this embodiment 
detects OLOS in the optical switch and shuts down the output from 
the internal pumping source. Thus, the gate switch is turned off, 
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thereby permitting informing that the trouble occurs (AIS-O) in 
the optical layer without having the influence on the signal lights 
of other wavelengths. 

Next, a twelfth embodiment of the present invention will 
be described in detail with reference to the drawing. Fig. 16 
shows the constitution of the twelfth embodiment. 

The light signal inputted from the optical transmission 
line 150 is a wavelength-division multiplexed signal light 
including four signal lights whose wavelengths are 1550 nm, 1552 
nm, 1554 nm and 155 6 nm. The wavelength-division multiplexed 
signal light is demultiplexed by the optical wavelength 
demultiplexer 301 and then outputted to the different optical 
transmission lines 100, 111, 115 and 119, For example, an arrayed 
waveguide grating may be used as the optical wavelength 
demultiplexer 301. 

It is assumed that the optical transmission line 100, which 
the signal light of wavelength 1550 nm is outputted to, is broken. 
No light is detected by the optical monitor in the single 
wavelength optical switch 201 which is located more downward than 
the place where the trouble occurs, namely, OLOS is detected. As 
soon as OLOS is detected, the EDFA gate in the optical switch 201 
is switched off. Thus, AIS-0 is sent out downward so as to thereby 
inform that the trouble occurs. OLOS is also detected by the 
optical monitor in a single wavelength optical switch 205 of the 
next node located on the downward side. Similarly, the EDFA gate 
in the optical switch 205 is switched off, so that AIS-0 is sent 
out downward. On the other hand, no influence is exerted on the 
transmission lines of other wavelengths having no trouble, and 
thus the optical transmission can be performed in the same manner 
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as before the trouble occurs. As described above, OLOS is 
detected and the gate switch in the next downward optical switch 
is turned off, thereby permitting informing that the trouble 
occurs in the optical layer without having the influence on the 
5 signal lights of other wavelengths . 

In the present invention, the number of wavelengths for the 
optical transmission lines is not limited to 4 described in the 
above embodiments. The optional number of wavelengths such as 
8, 16, 32 and 64 can be freely set, and the wavelength-division 
O 10 multiplexed lights can be collectively switched. Moreover, the 

y wavelength band of the input light is not limited to 1550 nm. The 

Q 

J5 wavelength band can be freely set to 1300 nm or the like . Moreover, 

Ci 

m a signal rate is not limited to a particular value and can be 

optionally set to 2.5 Gbps, 5 Gbps, 10 Gbps or the like. 

O 15 The on/off operation for the optical switch has been mainly 

y i 

IN* described in the above embodiment. However, as described in the 

gj first embodiment, the optical power of the pumping light is 

monitored and feedback-controlled, whereby the intensity of the 
light outputted from the optical switch can be controlled so that 
20 it has an optional value. In the above embodiments, EDF is used 
as an impurity-doped fiber. However, the impurity-doped fiber 
doped with any element other than erbium, such as tellurium, for 
the optical amplifier may be used. The length of the optical fiber 
for use in the optical amplifier and an amount of dopant can be 
25 freely set in accordance with the specification of the optical 
switch. 

In the above embodiments, the wavelength of the pumping 
source is set to 1480 nm, 980 nm or the like. However, the 
wavelength of the pumping source can be appropriately and freely 
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set in accordance with the wavelength of the signal light and the 
type of the impurity-doped fiber. 

The power of the pumping light to be incident on the 
impurity-doped fiber may be controlled by optional methods, for 
example, by controlling a current to be injected into the pumping 
source or by using a variable or fixed attenuator. 

The forward pumping, the backward pumping and the 
bidirectional pumping can be used as the method of pumping the 
optical fiber amplifier. Furthermore, the pumping lights 
outputted from a plurality of pumping sources are polarization 
multiplexed or wavelength-division multiplexed, whereby the high 
gain can be obtained. A branching ratio of the optical branch 
constituting the optical switch can be freely set to 1:1, 1:10 
or the like in accordance with an optical level design in the 
optical switch. 

The optical filter and the optical isolator can be 
appropriately disposed in the optical switch in order to prevent 
the pumping light and the external feedback light from having the 
influence on the input and output sides of the optical switch. 
A transmission bandwidth of the optical filter of the fourth 
embodiment is not particularly specified. This transmission 
bandwidth can be appropriately set in accordance with the number 
of signal lights that pass through the optical switch. 

In the above embodiments, the optical fiber amplifier is 
used as the optical amplifier constituting the optical switch. 
However, a semiconductor optical amplifier can be used as the 
optical amplifier. In the above embodiments, the optical fiber 
amplifiers, in which various pumping approaches are used as shown 
in Fig. 17, are used depending on the purposes. In Fig. 17, the 
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optical fiber amplifier comprises EDF 501, a pumping source 502 
and an optical branch 503. To use the semiconductor optical 
amplifier, these optical fiber amplifiers are replaced by the 
constitution shown in Fig. 18. The optical amplifier as the 
optical gate can be switched on or off by switching on or off a 
driver 602 for supplying the current to be injected into a 
semiconductor optical amplifier 601. 

In the eleventh embodiment, the place having the trouble 
is described as one place alone in the node of the wavelength 
optical ADM. However, an optional layer monitor according to the 
present invention can deal with the following troubles: the 
trouble that occurs at not only one place but also several places 
in all the optical transmission lines in the node, an optical 
transmitter or the like; and the trouble in the optical 
transmission line between the wavelength optical ADM nodes. 
Moreover, the position of the optical monitor is not limited to 
the position described in the above embodiments. The optical 
monitor can be freely installed by appropriately using the optical 
branches, and thus it can do the monitoring at the optional 
position. 

In the construction of a ring network, the optical monitor 
can also be freely installed. The optical layer monitor can be 
introduced into not only the optical ADM node but also an optical 
regenerative repeater. Thus, when the trouble occurs, i.e., when 
the signal is cut off, AIS-O is issued so that self-healing takes 
place in the optical layer. 

In the above embodiments, the optical ADM is exemplified 
and described as a system in which this optical switch is used. 
However, this optical switch can be applied to the system such 



as an optical cross connect system. 

According to the optical switch of the present invention, 
the following effects can be obtained. That is, it is possible 
to implement the optical switch whose input /output form can be 
freely set in accordance with a system requirement such as the 
low crosstalk and the high output power. 

The use of the optical switch of the present invention allows 
the implementation of the optical ADM for the wavelength-division 
multiplexing in which the signal light of an optional wavelength 
can be branched and inserted and the optical levels can be 
equalized and amplified for each wavelength. 

While this invention has been described in connection with 
certain preferred embodiments, it is to be understood that the 
subject matter encompassed by way of this invention is not to be 
limited to those specific embodiments. On the contrary, it is 
intended for the subject matter of the invention to include all 
alternative, modification and equivalents as can be included 
within the spirit and scope of the following claims. 
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WHAT IS CLAIMED IS : 

1. An optical switch comprising: 

a first optical amplifier; 

a second optical amplifier connected in cascade to said 
first optical amplifier; and 

a first control circuit for outputting first and second 
control signals for switching a gain of said first and second 
optical amplifiers. 

2. The optical switch according to claim 1, wherein said first 
and second optical amplifiers comprise a semiconductor optical 
amplifier, 

3. The optical switch according to claim 1, wherein said first 
and second optical amplifiers comprise an optical fiber 
amplifier. 

4. The optical switch according to claim 1, further comprising: 

a first optical isolator inserted between said first and 
second optical amplifiers. 

5. The optical switch according to claim 1, further comprising: 

a first optical coupler connected to an input of said first 
optical amplifier; and 

a second optical coupler inserted between said first and 
second optical amplifiers. 

6. The optical switch according to claim 1, further comprising: 



an optical power monitor for detecting an optical power 
outputted from said second optical amplifier, 

7. The optical switch according to claim 1, further comprising: 

a third optical coupler inserted between said first and 
second optical amplifiers, said third optical coupler having an 
input-side first branch connected to an output of said first 
optical amplifier and an output-side branch connected to an input 
of said second optical amplifier; and 

a third optical amplifier whose output is connected to an 
input-side second branch of said third optical coupler. 

8. The optical switch according to claim 7, wherein said third 
optical amplifier comprises a semiconductor optical amplifier. 

9. The optical switch according to claim 7, wherein said third 
optical amplifier comprises an optical fiber amplifier. 

10. The optical switch according to claim 7 , further comprising: 

a fourth optical coupler connected to the input of said first 
optical amplifier. 

11. The optical switch according to claim 7, further comprising: 

an optical power monitor for detecting the optical power 
outputted from said second optical amplifier. 

12 . The optical switch according to claim 4, further comprising: 
a second optical isolator connected to the input of said 
first optical amplifier; and 
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a third optical isolator connected to the output of said 
second optical amplifier. 

13. The optical switch according to claim 1, further comprising: 
a first optical filter inserted between said first and 
second optical amplifiers, for passing a signal light wavelength 
alone therethrough. 

14 . The optical switch according to claim 13, further comprising: 
a second optical filter connected to the output of said 
second optical amplifier, for passing the signal light wavelength 
alone therethrough . 

15. The optical switch according to claim 1, 

wherein said first optical amplifier comprises an optical 
fiber amplifier, and 

said optical fiber amplifier comprises: 
an erbium-doped optical fiber; and 

a pumping source for generating a pumping light whose 
wavelength is in 980 run wavelength region to be inputted to said 
erbium-doped optical fiber. 

16. The optical switch according to claim 1, wherein at least 
one of said first and second optical amplifiers comprises a 
forward-pumped optical fiber amplifier. 

17. The optical switch according to claim 1, wherein at least 
one of said first and second optical amplifiers comprises a 
bidirectional-pumped optical fiber amplifier. 
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18. The optical switch according to claim 1, wherein at least 
one of said first and second optical amplifiers comprises an 
optical fiber amplifier having the pumping light generated by 
wavelength-division multiplexing . 

19. The optical switch according to claim 1, wherein at least 
one of said first and second optical amplifiers comprises an 
optical fiber amplifier having the pumping light generated by 
polarization multiplexing. 

20. An optical switch for a wavelength-division multiplexed 
light which is obtained by wavelength-division multiplexing a 
plurality of light signals, said optical switch comprising: 

an optical wavelength demultiplexer for demultiplexing 
said wavelength-division multiplexed light into said plurality 
of light signals and outputting each of said plurality of light 
signals to each of a plurality of branches; 

a plurality of single wavelength optical switches, each 
being connected to each of said plurality of branches; and 

an optical wavelength multiplexer for multiplexing the 
lights outputted from said plurality of single wavelength optical 
switches, 

wherein each of said plurality of single wavelength optical 
switches comprises: 

a first optical amplifier; 

a second optical amplifier connected in cascade to said 
first optical amplifier; 

a control circuit for outputting first and second control 



signals for switching a gain of said first and second optical 
amplifiers; 

a first optical coupler connected to an input of said first 
optical amplifier; and 

a second optical coupler inserted between said first and 
second optical amplifiers. 

21. An optical switch for a wavelength-division multiplexed 
light which is obtained by wavelength-division multiplexing a 
plurality of light signals, said optical switch comprising: 

an optical wavelength demultiplexer for demultiplexing 
said wavelength-division multiplexed light into said plurality 
of light signals and outputting each of said plurality of light 
signals to each of a plurality of branches; 

a plurality of first optical couplers, each being connected 
to each of said plurality of branches; 

a plurality of first optical amplifiers, each having an 
input connected to an output of each of said plurality of first 
optical couplers; 

a plurality of second optical couplers, each having an 
input-side first branch connected to the output of each of said 
plurality of first optical amplifiers; 

at least one first optical wavelength multiplexer whose 
input is connected to each of output-side branches of some of said 
plurality of second optical couplers; 

at least one second optical amplifier whose input is 
connected to the output of said at least one first optical 
wavelength multiplexer; and 

a control circuit for outputting first and second control 
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signals for switching a gain of said first and second optical 
amplifiers . 

22 . The optical switch according to 013111121, further comprising: 
a second optical wavelength multiplexer whose input is 
connected to the output of said at least one second optical 
amplifier . 

23. The optical switch according to claim 1, further comprising: 

a signal light detector for detecting whether or not a signal 
light is inputted to said first optical amplifier and then 
outputting the result of the detection as a detect signal; and 

a second control circuit for providing said first and second 
optical amplifiers with control signals for shutting down said 
first and second optical amplifiers, when said detect signal is 
inputted to said second control circuit to indicate that said 
signal light is not inputted to said first optical amplifier, 

24. An optical network in which a plurality of optical nodes are 
connected through an optical fiber transmission lines, 

wherein each of said plurality of optical nodes comprises 
an optical switch as defined in claim 20. 

25. An optical network in which a plurality of optical nodes are 
connected through optical fiber transmission lines, 

wherein each of said plurality of optical nodes comprises 
an optical switch as defined in claim 23. 
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ABSTRACT OF THE DISCLOSURE 
Disclosed is an optical switch for transmitting or shutting 
down an input light signal in accordance with a set switching state . 
The optical switch comprises first and second optical amplifiers 
connected in cascade . When an optical fiber amplifier comprising 
EDFs (11 and 12) and pumping sources (31 and 32) is used as the 
first and second optical amplifiers, the switching is 
accomplished by switching on or off the pumping sources (31 and 
32) in accordance with control signals supplied from a control 
circuit (300) . One input light signal can be dropped through a 
first optical branch (51) located on the input side of the optical 
switch, while another input light signal can be added through a 
second optical branch (53) . 
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